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ABSTRACT
Multiscale discrete element modeling (DEM) was employed to investigate microscopic mechanisms behind time 
effects in sand. A static-fatigue hypothesis was adopted, which suggests that delayed fracturing of grain-surface 
textural features is the key cause behind time effects in sand. A microscopic DEM model of a single contact be-
tween two grain surfaces was constructed. Each of two surfaces at the contact was simulated by an assembly of 
subparticles bonded together. The parallel-bonded stress corrosion model (PSC) was used to mimic time-depend-
ent fracturing of surface textural features. Atomic force microscopy (AFM) measurements were used to character-
ize the texture of the surfaces of silica sand grains. The grain surface geometry in the numerical model was gener-
ated conforming to the statistical distribution of elevations of asperities from AFM measurements. The mechanical 
parameters of the model were calibrated with grain-to-grain physical load tests. Numerical load tests, both normal 
and shear, were conducted on the contact model. Time-dependent increase in normal convergence and gradual 
increase in the number of contact points between the two surfaces followed from the simulations. The stiffness 
and shear resistance of the contact in the numerical simulations were found to increase over time. The contact 
properties tested at the single-contact scale were later used to simulate the behavior of grain assemblies. The 
results indicated that the contact fatigue is a plausible cause of time-dependent changes in sand. These results 
are consistent with the static-fatigue hypothesis.
